Abstract. Curcuma zedoaria has been used as a traditional agent against malignant diseases. To elucidate detailed mechanisms producing such an activity, characterization and determination of molecular mechanisms of its antitumor effects was conducted. Inhibiting activities against cell proliferation, invasion and colony formation, and expression levels of corresponding molecules were investigated using human esophageal cancer TE-8 cells treated with the rhizome extract from C. zedoaria. Antitumor effect of the extract administered orally was also examined in tumor-bearing mice. The extract possessed strong anti-proliferation and invasion activities against TE-8 cells. Further, upregulated PTEN and downregulated phosphorylated Akt, mTOR and STAT3 expressions in the cells were induced shortly after treatment with the extract, followed by attenuation of FGFR1 and MMP-2, activation of caspase-9, caspase-3 and PARP, and suppression of Bcl-2 expressions, which led the cells to apoptotic cell death. Furthermore, tumor formation in mice was significantly suppressed through the oral administration of the extract. Taken together, these results suggest that the C. zedoaria extract could be a promising agent against esophageal cancer.
Introduction
A series of naturally-occurring substances isolated from the genus Curcuma have been widely used in cooking worldwide, and at the same time, they have been traditionally prescribed against not only general diseases such as wounds, inflammation and fever but also cardiovascular and malignant diseases mostly in Asian countries (1) . One of the most common ones is turmeric, which was isolated for the first time in the dried ground rhizome of Curcuma longa (2) , and the active constitute identified as the curcumin (3) has been determined to possess a wide variety of effects on inhibitions against proliferation, growth, metastasis, invasion and angiogenesis of tumor cells (4, 5) . Whereas, the genus Curcuma contains large numbers of species, and various constituents isolated as turmerin, essential oils and curcuminoids including curcumin were reported to produce the same efficacies (6, 7) . They have been investigated for antioxidant, anti-inflammatory and antitumor activities (8) (9) (10) (11) (12) (13) (14) (15) (16) , and some were applied in clinical trials (17, 18) .
Curcuma zedoaria, otherwise known as zedoary or white turmeric, was demonstrated to contain strong cytotoxic activity against tumor cells, and several constituents were identified (14) . The extracts from C. zedoaria have also been reported to possess anti-mutagenic (19, 20) , antitumor (13, 21, 22) , antioxidant (23) , antimicrobial (24, 25) , anti-inflammation (26) and antiangiogenesis (27, 28) activities. However, detailed mechanisms of their effectiveness still remain to be investigated, and it has been expected that the curcumin possesses various activities to regulate expression of multiple cell signaling proteins (4) .
Recently, we synthesized a series of glycans, and demonstrated their potential as antitumor agents against various tumor cells through the induction of apoptosis and autophagy in the cells (29) (30) (31) . As described previously (29) , prognosis of patients suffering from esophageal cancer is still poor irrespective of recently developed treatments with surgery and chemotherapies. Recent studies have also showed that the prevalence of esophageal cancer is expected to increase gradually even though many other types of cancer are expected to decrease in incidence by 2025 (32). In this study, the C. zedoaria extract prepared from the rhizome with ethanol was investigated both in vitro and in vivo, and its antitumor effects on esophageal cancer cells were elucidated together with determination of molecular mechanisms involved.
Materials and methods

Materials.
The rhizome powder of Curcuma zedoaria (Christm.) Roscoe was obtained from Uchida Wakanyaku Ltd. (Tokyo, Japan). TE-8 cells were purchased from RIkEN BioResource Center (Ibaraki, Japan) and HET-1A cells were from American Type Culture Collection (Manassas, VA, USA). Balb/c nude mice (6-week-old, female) were purchased from Nihon CLEA (Tokyo, Japan). Antibodies against caspase-9, caspase-3, PARP, Bcl-2, PTEN, phospho-Akt, phospho-mTOR, phospho-STAT3, FGFR1 and MMP-2 were obtained from Cell Signaling Technology Inc. (danvers, MA, USA). Anti-β-actin and dMSO were purchased from Sigma (St. Louis, MO, USA).
Preparation of C. zedoaria extraction.
Eight hundred grams of the rhizome powder from C. zedoaria rhizome was extracted three times with 800 ml of ethanol. The combined extracts were then concentrated using a rotary evaporator, and the dried material (14.02 g) was obtained.
Cell lines.
Cell lines used in this study were human esophageal squamous carcinoma (TE-8) (33) and non-cancerous immortalized esophageal cells (HET-1A) (34) . The cells were cultured at 37˚C in RPMI-1640 medium (Sigma) supplemented with 10% fetal bovine serum and antibiotics (100 U/ml penicillin and 100 µg/ml streptomycin).
Cell proliferation assay. Fifty µl of a cell suspension (1x10 4 cells) was seeded into each well of a 96-well plate (Falcon, Franklin Lakes, NJ, USA) and incubated at 37˚C overnight. Fifty µl of medium containing various amounts of the crude extract of C. zedoaria (7.8-1,000 µg/ml), which was dissolved with 10% dMSO, was added to each well and the plate was incubated at 37˚C for 24 h. Cell viability was determined with the aid of a cell counting kit (dojindo, kumamoto, Japan) according to the manufacturer's instructions. The absorbance at 450 nm (Od 450 ) with the reference wavelength at 620 nm was read and the results were derived from triplicate experiments. The cell proliferation inhibition (CPI) rate (%) was calculated by the following formula: CPI rate (%) = (1 -Od 450 of the treated cells/ Od 450 of the untreated cells) x 100.
Western blot analyses. TE-8 and HET-1A cells (1x10 6 cell/ ml) were treated with the C. zedoaria extract (100 µg/ml) for 24 h. Both cell types incubated for 12 and 24 h were obtained together with those without treatment as controls. Cells were washed twice in an ice-cold medium and the cell lysate was prepared after solubilizing cells with PRO-PREP Protein Extraction Solution (iNtRON Biotechnology, Gyeonggi-do, korea). Protein concentrations of the lysate were determined with a Pierce BCA protein assay kit (Thermo Fisher Scientific, Inc., Waltham, MA, USA) using bovine serum albumin as a standard. The extract (40 µg) was subjected to electrophoresis on a Mini-PROTEAN TGX Precast Gels 4-20% (Bio-Rad, Tokyo, Japan) and the gel was electrotransferred to a Hybond ECL (7x8 cm) membrane (GE Life Science Healthcare, Amersham Place, Buckinghamshire, Uk). Changes of expression levels of various proteins after treatment with the extract were analyzed using western blotting of each protein. β-actin was used as a loading control. MagicMark™ XP Western Protein Standard (Invitrogen Life Science Technology, Waltham, MA, USA), which consists of nine recombinant proteins in the range of 20-220 kda was used as a loading marker. Bands on the membrane were detected using an Image Quant LAS4000 with the aid of an enhanced chemiluminescence detection system (GE Life Science).
Colony assay. TE-8 cells were seeded at 250 cells in a 25-cm 2 cell culture flask (Corning Life Science, Rochester, NY, USA) and incubated for 24 h and then, after washing with the RPMI medium, the cells were treated with the medium containing the C. zedoaria extract with different concentrations for 48 h. Each test was performed in triplicate. After incubation for 10 days with change of medium every 2 days, the number of colonies formed was counted under the microscope (35) . The survival rate of colonies (%) was calculated from the following formula: survival rate (%) = (numbers of colonies formed after treatment/numbers of colonies formed without treatment) x 100.
Cell invasion assay. The cell invasion assay was examined in the Bd BioCoat™ Matrigel invasion chamber (8.0 µm, Bd Bioscience, San Jose, CA, USA) according to the manufacturer's instructions. TE-8 cells were incubated at 37˚C for 48 h with the medium containing the C. zedoaria extract with different concentrations. Five hundred µl of treated cells suspension containing 2.5x10 4 cells and 750 µl of the medium were added to each invasion chamber. After incubation for 12 h, the cells were stained with a diff-Quick kit (Sysmex Corp., kobe, Japan) and observed under the microscope. The five visual fields in every membrane were photographed and all samples were tested in triplicate. Animal experiments. TE-8 cells were suspended in 100 µl of the medium containing 1x10 6 cells and mixed with 100 µl of the Matrigel (Bd Biosciences). The mixture was then injected subcutaneously into the flank of the Balb/c nude mice (6-week-old, female) according to the method described previously (36) . Two hundred µl of 10% dMSO containing 5 mg of the C. zedoaria extract was administered orally everyday with the aid of a disposable feeding needle (Fuchigami kikai Co., Ltd., kyoto, Japan). The same treatment with only 10% dMSO solution was also conducted as controls (n=10 each). Tumor volume (V) formed was estimated according to the following formula: V = 1/2 x (a x b 2 ), where V, a and b indicate the tumor volume in mm 3 , the smallest and largest tumor size (mm), respectively (37) . The mice were sacrificed by euthanasia using Somnopentyl (kyoritsu Seiyaku Co. Ltd., Tokyo, Japan) on the 29th day after injection of the cells. The experiment was approved by the Animal Care and Experimentation Committee of Gunma University.
Statistical analysis. Statistical analysis was performed using JMP 5.0 software (SAS Institute Inc., NC, USA). The differences were considered statistically significant when the P-value was <0.05.
Results
Effects of the C. zedoaria extract on viability of esophageal cells. Inhibiting activity of the C. zedoaria extract against proliferation was observed at 24 h in both TE-8 and HET-1A cells in a dose-dependent manner (Fig. 1) . The minimum concentration of the extract giving a 50% inhibition of cell proliferation inhibition (CPI 50 ) in TE-8 cells and HET-1A was 200 and 362.5 µg/ml, respectively. Morphological changes of the cells treated with the extract were observed under a microscope (Fig. 2) , and cell death seemed to occur faster in TE-8 cells than in HET-1A cells (data not shown).
Western blot analyses of the caspase cascade-related proteins.
Since apoptotic cell death seemed to be induced in esophageal cells that had been treated with the C. zedoaria extract (Fig. 2) , the expression levels of the proteins related to apoptosis were analyzed in both TE-8 and HET-1A cells (Fig. 3) . Expression levels of the initiator caspase, caspase-9 and the effector caspase, caspase-3 were found to increase in TE-8 cells at 24 h indicating that active fragments with 37 kda and 19 kda, increased, respectively by treatment with the extract. Furthermore, the activation of poly(AdP-ribose) polymerase (PARP) seemed to be induced simultaneously since increased levels of the active fragment with 89 kda were also determined in the same duration. Reversely, the expression levels Figure 2 . Morphological changes of esophageal cells after treatment with the C. zedoaria extract. Cells were incubated with (treated, 250 µg/ml) and without (untreated) the extract for 24 h, and photographed using a phasecontrast microscope (x400). of one of the anti-apoptotic molecules, Bcl-2, was shown to decrease in the treated TE-8 cells in a time-dependent manner. No activated fragments were found in caspase-9 or caspase-3 in HET-1A cells treated with the same extract. Expression of PARP and Bcl-2 was slightly detected but no significant change was observed in the cells.
Western blot analyses of the cell survival and proliferationrelated proteins. Expression levels in the phosphatase and tensin homolog deleted on chromosome ten (PTEN) were considerably detected in TE-8 cells during 24 h and as maximum at 12 h after treatment with the C. zedoaria extract (Fig. 4) . While, expression levels of the activated Akt, as measured by the serine 473 phosphorylation (phospho-Akt), the activated mammalian target of rapamycin (phosphomTOR) were found to be suppressed as early as at 12 h, and no clear expression was detected at 24 h. Further, expression of the phosphorylated signal transducer and activator of transcription 3 (phospho-STAT3) seemed to be suppressed early. Even though expression levels of PTEN and phospho-Akt seemed to increase in HET-1A cells at 24 h with the same treatment, no significant expression of phospho-mTOR or phospho-STAT3 was detected in the same cells.
Effect of the C. zedoaria extract on colony formation of TE-8 cells. Colony formation of TE-8 cells determined at 12 days after incubation was shown clearly to be inhibited under the presence of the C. zedoaria extract and survival rates of colonies were found to decrease with the extract added in a dose-dependent manner (Fig. 5) .
Effect of the C. zedoaria extract on invasion capacity of TE-8 cells.
The cell invasion was significantly (P<0.001) inhibited under the presence of the extract and the invasion rate was clearly shown to decrease depending on the concentration of the extract added (Fig. 6) . Western blot analyses of the cell invasion and angiogenesisrelated proteins. Expression levels of the fibroblast growth factor receptor 1 (FGFR1) in TE-8 cells were suppressed at 24 h after treatment with the C. zedoaria extract. Furthermore, those of the matrix metalloproteinase-2 (MMP-2) were also suppressed at 24 h in the same cells (Fig. 7) . Whereas, no such expression or change was observed in HET-1A cells at the same duration.
Antitumor effect of the C. zedoaria extract in tumor bearing mice. After subcutaneous inoculation with TE-8 cells, tumors were formed within 8 days in all the mice. Tumor formation in treated and untreated mice was measured periodically up to 29 days (Fig. 8) . Tumor formation determined at day 29 was significantly (P<0.01) suppressed in the mice treated through the oral administration of the C. zedoaria extract when compared to control mice without such an administration (Fig. 8, inset ).
Discussion
The active constituents isolated from the genus Curcumin including C. longa and C. zedoaria have been demonstrated to possess potent antitumor properties against various human tumor cells. However, clinical applications have been limited because of their poor aqueous solubility and bioavailability even though a high dose administration and food intake has already been accepted from a standpoint of safety (7, 38) . Whereas, it has recently been developed for preparing new types of formulations in order to improve their deliveries as anticancer drugs (38, 39) . The C. zedoaria extract has been prepared differently to date, and the methanol or ethanol extract has been characterized to contain numbers of chemical constituents including sesquiterpenes (26) , curcuminoids (6) and ethyl p-methoxycinnamate (40) , which have also been demonstrated to have strong cytotoxic activities against cancer cells (13, 14, 41, 42) . While, fractions prepared previously from C. zedoaria were reported to possess anti-proliferation activity to varying degree (16, 43) , which were likely to be caused by the method used in their preparation. The cell proliferation inhibition (CPI) assay against TE-8 and HET-1A cells using various concentrations of the C. zedoaria extract indicated strong cytotoxic activities to both esophageal cell types in a dose-dependent manner (Fig. 1) . However, when minimum concentrations of the extract at CPI 50 were compared, the level in TE-8 cells were 1.8-fold lower than the HET-1A cells suggesting that cancer cells seemed to be more susceptible to the extract resulting in induction of apoptosis in TE-8 cells within a short period after treatment with the C. zedoaria extract. In fact, morphological changes of TE-8 cells (Fig. 2) were observed within 5 h after treatment with the extract (data not shown).
Western blot analyses in this study clearly suggested that the induction of apoptosis in TE-8 cells treated with the C. zedoaria extract occurred through the caspase cascade-dependent pathways, which involved activation of caspase-9, caspase-3 and PARP along with suppression of Bcl-2 during 24 h, and resulted in the induction of cell death (Fig. 3) . Involvement of caspase-3 activation in the induction of apoptotic cell death has also been demonstrated recently in different cancer cells treated with C. zedoaria (43) . Interestingly, such an induction of the caspase cascade causing apoptotic cell death seemed to scarcely occur in noncancerous HET-1A cells. delayed and poorly increased levels of caspase cascade pathways causing apoptotic cell death were also found to occur in non-cancerous esophageal (CHEk-1) cells when compared to esophageal cancer (TE-2 and TE-13) cells treated with chemically synthesized compounds in our previous study (29) .
Mechanism of cell death has been accepted to be governed not only by upregulation of the proapoptotic pathway or downregulation of the anti-apoptotic pathway but also by modulation of the survival signaling pathways (44) . In the cell survival signaling pathways, PTEN is one of the most common tumor suppressors and negative regulators of downstream effectors (45, 46) . Expression levels of PTEN were demonstrated to be elevated as early as 12 h after treatment with C. zedoaria extract in TE-8 cells and suppression of Akt activation, which determined by expression levels of phosphorylated Akt (phospho-Akt) on Ser473, occurred at the same duration (Fig. 4) . Accordingly, treatment of TE-8 cells with the C. zedoaria extract induced PTEN activation accompanying by Akt suppression within a short duration (<12 h).
As demonstrated previously, elevated levels of phosphorylation occurred in Akt, mTOR, and their downstream molecules to change p-mTOR and corresponding P-molecules were detected in malignant tumor cells (47) . The Akt/mTOR signaling pathway comprising mTOR and the downstream Akt must play a crucial role in the survival of their cells. It was clearly determined that expression of p-mTOR was also suppressed within 12 h after treatment with the C. zedoaria extract. Previously, it was shown that the anti-proliferation effect of curcumin was mediated by induction of suppressed levels of phosphorylation of mTOR but at the same time suppression of expression levels of phosphorylation of Akt on its Ser473 at a longer duration of the treatment (72 h) (47) . Further, overexpression of PTEN has been demonstrated to induce apoptosis through Akt-dependent and -independent pathways in breast cancer cells (48) . It still need confirmation, but the presence of multiple feedback loops has been described previously in the regulation of Akt/mTOR signaling pathway involved in the phosphatase-dependent effects of curcumin against prostate cancer cells (49). It must therefore be plausible that the C. zedoaria extract mediated upregulation of anti-proliferation signaling in TE-8 cells first accompanied by apoptotic cell death via upregulation of caspase cascade signaling. While in HET-1A cells, expressions of PTEN and p-Akt were observed with a slight increase, but no significant expression was found in p-mTOR or p-STAT3 during 24 h. It must indicate that no clear change of the phosphatase-and caspase cascade-dependent signaling pathways assumed in TE-8 cells occurred in HET-1A cells after treatment with C. zedoaria extract.
Cleavage of PTEN through phosphorylation was found to occur by caspase-3 indicating that PTEN was also targeted by caspase-3 due to a potential regulatory mechanism under some physiological conditions (50) . Since caspase-9 is a one of downstream substrates of Akt and phosphorylated Akt targets a number of downstream substrates including caspases, suppressed expressions of p-Akt may induce the inhibition of phosphorylation of caspase(s) resulting in apoptotic cell death.
Effects of curcumin were investigated previously on inhibition of STAT3 phosphorylation in human multiple myeloma cells and it was demonstrated that inhibition of STAT3 phosphorylation induced by curcumin was reversible and occurred rapidly (51) . In this study, downregulation of STAT3 occurred as early as 12 h after treatment with the extract in TE-8 cells (Fig. 4) . Further investigation to determine the precise mechanisms and other signaling pathways involved in the cell death is required to be conducted; this should comprise a series of complex signaling pathways, some of which should cross-talk each other in cancer cells possessing large numbers of dysregulated proteins.
In receptor tyrosine kinases, the fibroblast growth factor receptor (FGFR) consists of four highly conserved receptor tyrosine kinases (52) . It was suggested previously that FGFR could also be a target for anticancer agent development, and that FGFR inhibitors have potential for therapeutic application as anticancer agents (53, 54) . In TE-8 cells, it was found that expression of FGFR1 reduced at 24 h after treatment with the C. zedoaria extract (Fig. 7) , but the predicted effects of inhibition effects on the downstream signaling pathways such as the Akt signaling pathway occurred as early as 12 h.
Angiogenesis has been demonstrated to be essential for solid tumor growth because tumor progression and metastasis depend on the existence of a functional blood supply system as reported previously (55) . The MMP-2, one of the matrix metalloproteinases, involved in an extracellular matrix degrader has an important role in the endothelial cell migration, organization and angiogenesis (56) . The active form of MMP-2 (62 kda) might facilitate penetration of cancer cells through the blood vessel walls allowing them to metastasize to other tissues or organs (57). Since extremely reduced expression of MMP-2 preferentially occurred in TE-8 cells treated with the C. zedoaria extract at 24 h, it was suggested that the extract has potentially diverse effects on anti-proliferation, survival, angiogenesis, migration and organization. In fact, some of these activities in the extract were also shown clearly through the colony assay (Fig. 5 ) and the cell invasion assay (Fig. 6) indicating that the extract possessed significant inhibiting activity against colony formation and cell migration of TE-8 cells. Finally, tumor formation with esophageal TE-8 cancer cells was significantly suppressed in the mice orally administered with the C. zedoaria extract (Fig. 8) . Taken together, therefore, the C. zedoaria extract could be promising as an antitumor agent against esophageal cancer.
Presence of constituents involving antitumor activities has been reported in the same ethanol extract from C. zedoaria as described above. Identification of the active constituents in the C. zedoaria extract is now in progress along with determination of the best route for administration of the extract with appropriate dose and duration in order to apply this natural product into a novel therapy against esophageal cancer.
In conclusion, treatment of esophageal cancer cells with the C. zedoaria extract was shown to have antitumor action in in vitro and in vivo experiments. In addition, tumor formation was significantly suppressed in the xenograft mouse model of human esophageal cancer through the oral administration of the extract. Overall results from the effects of the C. zedoaria extract are summarized in Fig. 9 . The C. zedoaria extract possesses useful constituents to modulate multi-targets against dysregulated proteins in esophageal tumor cells, and shows promise as an agent against esophageal cancer.
